In a study of a group of 2000 volunteers in a New England community the authors compare the relative merits of the 12-lead and a simplified lead I electrocardiogram in the detection of heart disease. The contribution the electrocardiograph would make if included in a heart disease screening program is evaluated. A possible heart disease screening method is suggested.
P~hUBLIC health workers have long been interested in simplified methods for the E detection of the chronic diseases. The chest x-ray or photofluorogram has been demonstrated to be an effective means of detecting most chronic pulmonary diseases. Untreated diabetes mellitus may be readily discovered by urine or blood sugar determinations. The blood serologic test remains the ideal method of syphilis case finding. In most other chronic diseases similar detection methods are not available.
In view of the importance of cardiac disease as a cause of chronic disability, the development of a simple method for the recognition of heart abnormalities has been of particular interest.
The possibility that the electrocardiograph might be of value for discovering the presence of heart disease has occurred to many public health workers. The electrocardiograph has been considered an instrument for recording changes in the electrical activity of the heart in persons already suspected of having heart disease and not for the detection of heart disease in the population at large.
While no comparable studies have previously been done to evaluate the electrocardiograph as a screening device for heart disease, several studies have been undertaken in the past to evaluate the electrocardiogram as a routine procedure to be included in the examination of large groups of presumably healthy people.
From the National Heart Institute, National Institutes of Health, U. S. Public Health Service, Federal Security Agency. 559 These reports have, for the most part, condemned the procedure as misleading and of little help.
Scrutiny of these studies in the light of present day concepts of electrocardiographic interpretation reveals certain fallacies in the conclusions reached. A study done in 1943 by Vicidi and Geiger on 500 young working adults indicated 50 per cent of the records beyond the limits of "normal."' From this the authors concluded that surveys depending on the electrocardiograph as a detection instrument would be misleading unless the criteria used were revised. This conclusion appears justified since 36 per cent of the tracings were considered abnormal solely because of slurring of the QRS complex and an additional 17 per cent were interpreted as abnormal because of a prolonged Q-T interval. Thus about half of their "abnormal" records might be considered within normal limits today.
Another study done on 1812 midshipmen without heart symptoms concluded that the electrocardiogram proved of no help in evaluating the condition of the heart in this group. In this study 48 per cent of the tracings were found to be "abnormal." Analysis of the "abnormalities" reveals such findings as inverted or diphasic T waves in lead III, notched QRS in lead III, left axis deviation, extrasystoles and P-R intervals more than .20 second. By present-day criteria only a few of these would be considered abnormal.
Wood and co-workers, in a study of 229 executives, 153 students selected because of suspected or known heart disease and 705 In view of the lack of agreement about the value of an electrocardiogram in the detection of heart disease, it was decided that further study of this problem might be worthwhile. It first appeared desirable to assess the value of the multiple lead electrocardiogram as a method of detecting heart disease. However, since it is obviously impracticable to take a complete electrocardiogram for survey purposes, it remained to be determined if a simple record, such as a single lead, could approach the results obtained using the multiple lead record. It also appeared desirable that the records to be evaluated for this purpose should come from a population group similar to that expected in a possible heart disease survey.
Because of the apparent similarity of the persons examined at the Framingham Heart Disease Epidemiology Study to many population groups, it appeared that conclusions reached from a study of this group of individuals would probably be applicable to the population at large.
The Each individual participating in the Study was assessed by a routine history including present and past symptomatology. This was followed by a physical examination, complete except for pelvic, rectal, otoscopic and neurologic examinations. Blood pressure was taken in both arms initially and repeated on a single arm by a minimum of two additional observers. Temperature, pulse, respiration, and vital capacity were determined by the admitting nurse.
Each person, in addition to the above long work-up, received a short check incorporating a brief history and physical examination, done by one of the regular clinic staff or by a visiting consultant cardiologist.
Laboratory studies which each person received included a chest x-ray, an electrokymogram, a 12-lead electrocardiogram, urinalysis and certain blood studies. When indicated, patients were subjected to fluoroscopy with barium swallow and oblique films. X-ray films were interpreted by consultant radiologists.
The criteria for clinical diagnosis were provided by an advisory committee and are based, with some modifications, on those of the New York Heart Association.7
The criteria employed were as follows: 4. The term potential rheumatic heart disease was reserved for those having a definite history of rheumatic fever but with no clinical evidence of heart involvement.
Congenital Heart Disease 1. Encountered rarely, congenital heart disease was diagnosed on the basis of generally accepted criteria.
A study was first set up to compare the 12-lead electrocardiogram with the final clinical diagnosis. To establish the electrocardiographic interpretation, each tracing was read by four physicians separately and classified as normal, doubtful or abnormal based on accepted criteria.10 In instances of disagreement the tracings were reviewed and the majority opinion accepted. Table 1 shows the comparison between the reading of the multiple lead electrocardiogram and the final clinical impression. It is apparent from this table that the multiple lead electrocardiograph is a fairly reliable instrument in detecting those individuals free of cardiovascular disease, since in 89.3 per cent of individuals free of cardiovascular disease the electrocardiogram was normal beyond the slightest question. In another 7.3 per cent changes of doubtful significance were present. Only 3.4 per cent were interpreted as definitely abnormal. In using the electrocardiograph as a screening instrument it would appear necessary to illclude the doubtful with the abnormal group, since they would both have to be recalled for further examination. If this were done it is evident that 10.7 per cent of normal individuals would be recalled for further unnecessary examinations.
In patients with definite heart disease or in whom the possibility of heart disease could not be excluded, the value of the electrocardiograph as a detection instrument becomes less apparent, since 53.1 per cent of these with definite heart disease and 64.1 per cent of those with possible heart disease had normal electrocardiograms and would have been missed in any heart disease survey using only the electrocardiograph.
The multiple lead electrocardiogram is therefore fairly reliable in selecting those persons free of heart disease but misses a high percentage of those with cardiovascular disease.
Although it was not the purpose of this study to compare the relative merits of the various diagnostic methods it is apparent that in hypertensive cardiovascular disease and in rheumatic heart disease, which constituted the bulk of heart disease in this adult
To be applicable for the purpose intended an abbreviated electrocardiogram must fulfill certain requirements. The record must be simply and quickly obtained and relatively easy to interpret. It must produce results comparable to the multiple-lead electrocardiogram when interpreted only as normal, doubtful or abnormal.
It appeared to the authors that the standard lead I was the single lead which would best leads I, V4 and V5 and V6 was the combination most frequently encountered. "... . In most instances the findings in the standard, precordial, and limb leads corroborated each other." Standard limb leads are the only leads feasible in a large scale survey because of the impracticability of undressing the subjects. Lead I is preferable because it avoids application of electrodes to the lower extremities.
The technic of taking lead I is of sufficient simplicity that a high degree of proficiency on alone in detecting heart disease. This was carried out in the following manner: Each of the 2000 multiple lead tracings, already interpreted, was placed in an envelope with an aperture so constructed that only lead I was exposed to inspection. These tracings were then submitted in turn to two readers, who, using criteria as given in table 2, gave independent interpretations, classifying each lead as normal, doubtful, or abnormal. The criteria used were determined arbitrarily after careful perusal of the literature. It has not been determined that these criteria are necessarily the most desirable. The two readers had a 90 per cent agreement. The remaining tracings were re-read and a common interpretation agreed upon. Table 3 gives a comparison between the reading of the lead I electrocardiogram and the final clinical impression. It is apparent that there was some loss in the ability of the readsmall group of the lead I tracings it was apparent that the criteria could be adjusted either to exclude more normals or to detect more heart disease but not both.
Having found that lead I, taken in the conventional manner with the patient in the supine position, is almost as effective as the multiple lead electrocardiogram for screening purposes, it remained to be determined if a tracing taken in the upright, position, an ad- 50 .7 per cent of the persons with clinically definite heart disease. 5 . Lead I, with appropriately selected criteria, will correctly classify almost as many normal persons as a 12 lead electrocardiogram. Similarly it will detect essentially the same proportion of persons with clinically definite or possible cardiac abnormalities as the 12-lead electrocardiogram.
7. Either lead I alone or the 12-lead electrocardiogram will fail to classify correctly over half of the persons with clinically definite or possible cardiac disease.
8. A special study on 104 persons showed that there were no important differences ill the interpretation of the lead I electrocardiograms in the supine position or the seated position.
9. It is concluded that if the electrocardiogram is to be used for screening, the speed and ease of the technic and the slight loss of efficiency in the use of lead I alone compared with the 12-lead electrocardiogram would appear to make lead I the method of choice for the screening line.
